Introduction: Many studies have explored the imaging characteristics of patients with neurosyphilis, but no systematic study has been made on the neuroimaging changes after antisyphilitic treatment. The purpose of this study was to examine neuroimaging differences before and after treatment, comparing patients with asymptomatic and symptomatic neurosyphilis.
Key Summary Points
Neuroimaging examinations in patients with neurosyphilis are important for the differential clinical diagnosis, and the presentations are diverse. However, no systematic study has investigated neuroimaging changes or progression after anti-syphilitic treatment.
This study will answer whether neuroimaging and symptomology show consistent improvement if patients with neurosyphilis are treated with standardized anti-syphilitic medicine.
Patients with neurosyphilis presented with variable clinical and neuroimaging features, including cerebral infarction or hemorrhage, atrophy, demyelination, arteritis, encephalitis, and hippocampal sclerosis.
And the follow-up neuroimaging demonstrated that some patients still presented neuroradiological progression after standardized anti-syphilitic treatment, including 42.1% showing infarction lesions, 47.4% mild to severe brain atrophy, and 15.8% white matter demyelination.
Neurosyphilis patients show neuroradiological progression after antisyphilitic treatment, even if the patients do not have any clinical symptoms, suggesting that we need to continue imaging follow-up and treatment of these patients.
INTRODUCTION
Neurosyphilis (NS) is a syphilitic infection of the central nervous system (CNS) caused by the organism Treponema pallidum, which triggers subacute or chronic inflammation in mesenchymal and parenchymal tissues, finally causing a spectrum of disease processes with different neurological manifestations. Patients with syphilis are often infected by sexual contact or other contact with the body fluids of an infected person, and the pathogenic bacteria then multiply in the body and gradually invade the CNS. The condition can be divided into early and late NS, depending on the clinical features and duration from initial infection [1] . Alternatively, according to the scope of the brain tissue affected, patients can also be dichotomized into interstitial NS or parenchymatous NS, which can have the forms of meningitis, meningovascular NS, general paresis, tabes dorsalis, and gummatous NS. There is no clear boundary between the different forms, with there being a substantial overlap in clinical symptoms and signs [2, 3] . According to the guidelines, patients diagnosed with NS need prompt treatment with high-dose intravenous penicillin [4] . However, most patients with NS present with nonspecific symptoms, so the rates of clinical misdiagnosis and missed diagnosis are relatively high [5] . Currently, the diagnostic criteria for NS are based on a comprehensive assessment of clinical characteristics, cerebrospinal fluid (CSF) pleocytosis and protein levels, and syphilis serological testing of the peripheral blood and CSF.
Neuroimaging examinations in patients with NS are important for the differential clinical diagnosis and follow-up, with the presentations being diverse [6] . Although several studies have analyzed clinical and laboratory characteristics of asymptomatic and symptomatic neurosyphilis patients, to the best of our knowledge, no systematic study has investigated neuroimaging changes after anti-syphilitic treatment [7] [8] [9] [10] . Herein, we retrospectively reviewed 102 patients with NS who were examined at our center and made comparisons between asymptomatic and symptomatic NS patients. We also evaluated the initial and follow-up imaging characteristics in some patients.
METHODS

Study Design
This is a retrospective observational study of inpatients diagnosed with NS at our hospital between December 2012 and June 2019. Eligible patients were selected from the hospital information system and their medical history, coexisting conditions, neurological examinations, peripheral blood and CSF laboratory testing, and initial and follow-up neuroimaging were recorded and evaluated. The study protocol was approved by Wannan Medical College (IRB: 201201) with a waiver for informed consent from participants because of its retrospective nature.
Study Patients
All study participants were 18 years old or older, were diagnosed with HIV-negative neurosyphilis, and met all the following conditions: (1) Treponema pallidum particle agglutination assay (TPPA) and toluidine red unheated serum test (TRUST) titer were tested in serum and the serum TPPA was positive; (2) the serologic test was combined with TRUST positivity in CSF or a CSF white blood cell count of [ 5 cells/ll or CSF protein of [ 45 mg/dl with TPPA reactivity in the CSF; (3) other conditions that could cause neurological symptoms, such as myelopathy, were ruled out, as suggested by the European guideline on the management of syphilis [11] . Patients with NS were dichotomized into asymptomatic neurosyphilis (ANS) and symptomatic neurosyphilis (SNS) groups according to whether they had clinical complaints or not, with the ANS patients being discovered either in a premarital physical examination or accidentally [7] .
Imaging Data
The neuroradiological conclusions were retrospectively reviewed for all patients with NS, including CT and MR imaging, that had been obtained by independent radiologists, and these were checked by other experienced radiologists who were unaware of the clinical diagnoses. Neuroimaging data included both the baseline examination and follow-up re-examinations. The detailed imaging parameters were as follows: cranial CT was performed on a 16 multidetector row CT (Brilliance, Philips, the Netherlands), and MRI was acquired on a 1.5-T or 3.0-T MRI system (Magnetom avanto 1.5 T, Siemens, Berlin, Germany; Signa hdxt 3.0 T, GE Healthcare, Milwaukee, WI, USA). The MRI studies included diffusion weighted imaging, and T1-weighted spin echo sequences, T2weighted, and fluid attenuated inversion recovery imaging in different planes before and after intravenous injection of gadolinium-based contrast agents.
Clinical Data
The data extracted included age, sex, skin presentation, coexisting conditions (diabetes mellitus, high blood pressure, hypercholesterolemia, coronary artery disease, chronic nephritis and other infectious diseases), CSF testing results, first-visit department, and therapeutic medication. Neurological presentations and outcomes at baseline and follow-up were also reviewed.
Statistical Analysis
Results are reported as the mean ± standard deviation (age and CSF protein), median with minimum and maximum values or interquartile range (quantitative variables), or frequencies and percentages (categorical variables). Independent sample t-tests or non-parametric Mann-Whitney U tests were employed to determine the differences between SNS and ANS in terms of the quantitative variables. The chisquare test or Fisher's exact test were used for between-group comparisons of categorical variables. Differences of P \ 0.05 were considered significant. Statistical analyses were performed using SPSS software (version 19.0; IBM Corp. Armonk, NY, USA).
RESULTS
As shown in Fig. 1 and Table 1 , 102 patients with NS who were hospitalized during the study period were retrieved from the hospital information system. These patients included 60 cases (58.8%) of SNS and 42 cases (41.2%) of ANS. Univariate analysis showed statistically significant differences in the clinical presentations between the ANS and SNS patient groups, except for CSF white blood cells (P = 0.079) and the imaging characteristics of cerebral infarction and demyelination (both P [ 0.05). A total of 92 patients received anti-syphilitic treatment, patients with SNS had substantial improvement of clinical symptoms after treatment, and CSF re-examination in patients with ANS showed improvement in biochemical indicators, including decreased levels of white blood cells and proteins.
The 60 cases of SNS showed a wide variety of abnormal symptoms and signs, including psychological and behavioral disorders (18.3%, 11/60), headache and dizziness (26.7%, 16/60), cognitive decline (10.0%, 6/60), sensory disturbance (8.3%, 5/60), seizure or dysarthria (both 6.7%, 4/60), weakness of limbs or hypopsia (both 5.0%, 3/60), urinary or rectal incontinence (3.3%, 2/60), aphasia or affective disorders (3.3%, 2/60), and ataxia or oculomotor paralysis (both 1.7%, 1/60). Notably, the patients with NS also manifested with a variety of imaging characteristics, including cerebral infarction or hemorrhage, atrophy, demyelination, arteritis, encephalitis, and hippocampal sclerosis ( Table 1) . Among the 81 patients without other coexisting diseases, 19 patients underwent MRI re-examinations (29 in total) during the follow-up period, with these including 4 cases of ANS, 4 cases of meningovascular NS, 8 cases of general paresis and 3 cases of gummatous NS. The median follow-up period was 10 months (interquartile range 5-16.5 months). All of the 19 patients who underwent MRI follow-up imaging received standardized anti-syphilitic therapy, 17/19 with high-dose intravenous penicillin, one with ceftriaxone, and one with doxycycline because of allergy to penicillin. No recurrence or worsening of their clinical symptoms (such as dizziness, headache, cognitive decline, visual or speech impairment) was detected at discharge or during follow-up; some of them are detailed in Table 2 .
Comparisons between follow-up and baseline imaging showed that some patients had imaging progression despite being treated with standardized anti-syphilitic therapy (Table 3) . First, infarction was a common manifestation of NS, with more than half of the patients (52.6%, 10/19; 3 with ANS and 7 with SNS) presenting with new infarction lesions after treatment. These lesions were of lacunar or acute type, and were partially dispersed in the cortex and subcortex, basal ganglia, cerebellar and brainstem areas. Second, most of the patients (68.4%, 13/19) initially showed cerebral atrophy, with all eight cases of general paresis showing brain atrophy. The six cases of NS that did not show brain atrophy were in patients with asymptomatic (n = 2), meningovascular (n = 1), or gummatous NS (n = 3). Notably, two patients with ANS showed brain atrophy, despite there being no obvious clinical symptoms. Moreover, 9/19 patients showed more severe brain atrophy after treatment. The initial MR imaging showed Fig. 1 Flow chart for screening patients with neurosyphilis Table 1 Clinical and neuroimaging comparisons between symptomatic syphilis and asymptomatic syphilis Fig. 1) 9-month follow-up cranial MRI showed that the mass and edema disappeared after treatment white matter hyperintensities in more than half of the patients (57.9%, 11/19), with these lesions progressing during follow-up in three patients. Two of these patients with meningovascular NS showed increased basal ganglia and brainstem lesions, and the other patient with general paresis showed increased basal ganglia, brainstem and subcortical lesions. Additionally, hippocampal sclerosis (n = 1) resulting from a secondary change in intracranial inflammation also occurred, as shown in Table 2 .
DISCUSSION
NS is commonly known as ''the great mimicker'' because of its wide range of clinical symptoms, and although it has classically been divided into early and late forms, there are some overlaps in clinical features between them. In our cohort, 41.2% (42/102) of NS patients had no clinical presentations, and it was therefore difficult to make a diagnosis at their first visit. Importantly, both ANS and SNS patients may initially show multiple neuroimaging abnormalities, and we found a large overlap in neuroimaging features between them. Although the use of anti-syphilitic treatment reduced the incidence of disease progression in the 19 patients with follow-up neuroimaging, this imaging indicated that some changes might be irreversible or even progressive.
The clinical symptoms of the NS patients were not specific, and there was a lack of accurate medical history and skin manifestations (possibly due to the patients' concealment of contact history and inattention to skin manifestations) [12] , which could cause the patients with SNS to be sent to departments other than dermatology, making it difficult to achieve a timely and accurate diagnosis and appropriate treatment [5] . This study found that only 16.7% of SNS patients were admitted to the dermatology department, and that 15% of patients did not receive prompt antibiotic treatment. Moreover, the mean age of SNS patients was higher than that of the ANS patients, which might have been related to the course of the disease, because the clinical symptoms change over time. Previous literature has reported that NS can occur during any stage of the syphilitic infection [13] , even if the patient does not show obvious clinical symptoms; in such cases, CSF syphilis serological testing can assist in the diagnosis.
NS lacks specific imaging changes, and can show similar imaging characteristics at different stages of the disease, as shown in our study and others [14] . Possible explanations for the imaging-related phenomena may include the following. For NS to be recognized as subacute or chronic CNS inflammation, the organism first needs to break through the blood-brain barrier, and the pathology of diffuse inflammatory activity may include meningitis, vasculitis, and even vasculitis-related infarct or hemorrhage, mainly involving the medium to large vessels and their perforating arteries. Consequently, NS patients frequently show abnormal neuroimaging findings of infarcts in the basal ganglia, brainstem, and cortical and subcortical regions, as in our patients [15] [16] [17] . Brain atrophy reflects a decrease in the volume of brain parenchymal tissue and usually affects the limbic lobe, temporal lobe, and hippocampus. It is the result of impaired brain tissue metabolism and function, which finally results in the death of neurons, glial hyperplasia, and cognitive decline [9, 17, 18] . Even when patients present with no neurological symptoms or signs, abnormal imaging findings may still be detected because of the involvement of the small vessels feeding deep and subcortical white matter, and ischemia emerging as a consequence of the syphilitic infection [18] . Thus, a diagnosis of NS cannot be excluded for patients showing the presence of clinically unexplained imaging abnormalities such as brain infarction or atrophy.
Like the diverse neuroimaging findings, the etiology underlying neuroimaging progression is also complicated. According to the stage of syphilis, most of the patients in this study were limited to latent and tertiary syphilis. Neurological findings in tertiary syphilis are related to a systemic hypersensitivity reaction to the microorganism or its remnants within the brain tissue. Neurological manifestations could be improved despite standardized treatment, but the immunological reaction might continue after treatment, albeit at a slower pace, resulting in neuroimaging progression [19, 20] . In addition, use of antibiotics other than penicillin and short-term follow-up could also be responsible for progression. As for the detailed etiologies and pathological mechanism of disease progression, further research is needed.
This study is subject to a number of limitations. It is a single-center, retrospective study with a low sample size, which might decrease the explanatory power. The patients with SNS were also not stratified according to the stage of NS, and the progression of neuroimaging findings might differ between different stages. In addition, most patients had no available data on further treatment and long-term follow-up, which is also one of the difficulties in the clinical treatment of NS. This lack of data meant that correlation analysis between CSF serological results and neuroimaging features could not be performed: analysis that is worthy of further study with more samples.
CONCLUSION
NS has a wide range of clinical presentations and shows various neuroimaging features, and there are several overlaps in the neuroimaging manifestations between ANS and SNS patients. Additionally, their follow-up neuroimaging may show progression even with standardized treatment.
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